We report here a chemical study on a Re analogue of one of the few cationic Tc-99m tracers previously investigated as an agent for effective renal plasma flow (ERPF) measurement. Cationic Tc-99m tracers have the potential for overcoming problems associated with common anionic Tc-99m tracers in patients who have developed a uremic state. The Tc-99m-DACH tracer, prepared from 1,2-diaminocyclohexane (I,2-DACH), is the only cationic renal agent tested in humans and has seven possible isomers. The complex isolated from the reaction of the racemic mixture, (+)-trans-l,2-DACH, and RelOz(PPh3)z after conversion to the BPh4 salt was found by X-ray crystallography to be the meso isomer,
INTRODUCTION
A simple and accurate measurement of effective renal plasma flow (ERPF) could lead to improved diagnosis and management of patients with pre-renal azotemia and for the development of better strategies for prevention and reversal of renal failure. With the development of the uremic state, there is a progressive buildup of organic anions in plasma, t These accumulated anions can competitively inhibit renal tubular transport, reduce the clearance of anionic substrates, and lead to variable or spuriously low measurements of ERPF and tubular function, t' 5. -8 Most studies directed at finding a superior renal agent have focused on anionic Te-99m agents,', ' but these must have an extraordinarily high affinity for the tubular transport receptor to avoid the problem of competitive inhibition by organic anions in plasma. Evidence exists that this problem can be avoided, however, by the development of a cationic tracer for ERPF measurement. C-14 tetraethylammonium cation (TEA), one of the earliest cationic agents investigated is secreted by the renal tubular organic base transport mechanism.
t Studies in azotemic dogs demonstrated that the extraction fraction of TEA was significantly higher than that of the "gold standard" para-aminohippurate (PAH) anion; in addition, unlike PAH, the extraction of TEA was independent of the level of blood urea nitrogen? On the basis of these studies, the investigators concluded that TEA is superior to PAH for the evaluation of the renal circulation in azotemia. The most useful radioisotope for radiopharmaeeuticals is 99mTc.
For these reasons, we have initiated our research program aimed at finding clinically useful cationic renal agents with a chemical study of Te-99m-DACH, the only Tc-99m cationic renal agent for which studies in humans have been reported, t Tc-99m-DACH, the product of labeling 1,2-diaminocyclohexane (1,2-DACH), t'" is non-toxic, only 20% protein bound, and is cleared more rapidly than tracers measuring the glomerular filtration rate (GFR); therefore, transport of Tc-99m-DACH into the urine must be through the tubules. The clearance of Tc-99m DACH can be competitively blocked using thiamine as a cationic competitor, confirming cationic tubular transport; infusion of thiamine has no effect on tracers used to measure glomerular filtration or on the tubular transport of anionic tracers To test this possibility, we previously compared renal excretion and biodistribution in Sprague-Dawley rats of Tc99m-cis-1,2-DACH, Tc-99m-trans-R,R-1,2-DACH, Tc-99m-trans-S,S-DACH and a Tc-99m-trans-(+)-1,2-DACH isomeric mixture, is This mixture was found by HPLC to contain the statistically expected mixture of 25% Tc-99m-trans-S,S-1,2-DACH, 25% Tc-99m-trans-R,R-1,2-DACH, and 50% meso-Tc-99m-(trans-R,R-/S,S-1,2-DACH). Little difference was found, however, in the rate of renal excretion or biodistribution of the isomers. shown.
An important aspect of Tc-99m radiopharmaceutical development is the study of the Re analogues, which typically have nearly identical structures to the Tc counterpart and which are environmentally more desirable compounds for chemical study. In this study, we determined the crystal structure of a Re analogue of one trans-[TcOz(I,2-DACH)2]X isomer so that we could begin to identify the specific structural features associated with rapid cationic renal transport.
MATERIALS AND METHODS
RelO2(PPh3)2 was prepared according to the literature procedure. '9 The racemic mixture of ligands, (PPh3) (1) with 50% probability for the thermal ellipsoids.
X-ray Crystallography. The single crystal selected for the X-ray diffraction study consisted of the meso isomer (1) with one trans-R,R-and one trans-S,S-1,2-DACH ligand.
Crystal data and refinement parameters are presented in Table 1 . The asymmetric unit of I consists of two independent cations. For each cation the metal atom is located at a special position (inversion center, occupancy one hal0; the second half of each cation is generated by the symmetry operations -x+3/2,-y+l/2,-z+l/2 (cation #1) and-x,-y,-z (cation #2). Differences in bond distances and angles within the inner coordination sphere of the two cations were insignificant (Table 2 ). Figure 2 shows a perspective drawing of cation #1. Selected bond distances and angles for both cations are listed in Table 2 . 
